were conducted for 4 or 8 weeks to examine the nutritive value of succinic acid and di-ethyl succinate as energy source for poultry.
In the first papers' of the series of minitests to search for future energy source for domestic animals and poultry, succinic acid was found to be available by the chicks. Among the three repeated mini-tests carried out in this laboratory, remarkably higher availability of 364°o was obtained in one of the tests. Average availability of 3 mini-tests was 173%, as shown in Table III of the previ ous paper.1) As mentioned previously in the description of the procedure of mini-test," any growth promoting effect of a sample over the effect of it's caloric value is estimated as available energy. Therefore, availability of a sample over 1000, suggests a possibility of existence of an unidentified growth promoting factor or factors in the sample, and such a growth promoting factor, if it be in succinic acid, should be succinic acid itself.
Since availabilities of L-malic, fumaric and pyruvic acids were also estimated to be over 10000," the suspected growth promoting effect of suc cinic acid was most likely related to the tri carboxylic acid cycle of carbohydrate metabo lism.
Besides the suspected growth promoti factor, availability of energy in succinic ac by the chicks should be confirmed by lo term feeding experiments since the accura of the data in a single mini-test has be sacrificed, as mentioned previously,2) so t_??_ the test can be applicable to a sample small amount less than 50 g. Preliminary mini-tests revealed that chic could utilize energy in succinic acid mix in the diet at the level of 10 and 20°,, ava ability being estimated to be 200% and 123, respectively.
The chicks fed a diet containi 30°0 of succinic acid took only 25 g of t diet and lost body weight during 6 days experimental period. The data suggested tr succinic acid as high as 20°o in the diet co_??_u be available by the chicks although its lc palatability was undesirable. Prelimina mini-tests also revealed that succinic ac could be utilized well with good palatabili in a 1 : 1 mixture (w/w) with 1,2-propanedi of which availability was found excellent Contrary to the availability of free succit acid, that of di-ethyl succinate was unexpecte 1) M. Yoshida, H. Morimoto and R. Oda, Agr. Biol. Chem., 34, 1301 Chem., 34, (1970 .
2) M. Yoshida and H. Morimoto, ibid., 34, 684 (1970) .
3) M. Yoshida, H. Hoshii and H. Morimo Japan Poultry Sci., 6, 73 (1969 The second type of the experiments, Expts. 811 and 906, was designed to find how much amount of succinic acid could be formu lated in the practical type poultry feed. As mentioned above, 30% of succinic acid in the diet depressed both growth rate and appetite of the chicks, but succinic acid less than 10% apparently did not, In the third type of the experiments, Expt. 907, the nutritive value of di-ethyl succinate was compared with that of free succinic acid by the 2-way layout experimental design. The last type of the experiments, Expts. 909 and 910, was designed to feed succinic acid at 5% level in practical type diet to meat-type chicks until 8 weeks of age, when they were almost ready to be shipped out to market.
In the last type of the experiments, the experiments were so designed that caloric value of succinic acid mixed in the practical type diet was determined by the technique of bioassay.
Chicks and rearing.
Five hundred white Leghorn male chicks and 120 male and 120 female meat-type Chem., 34, 1308 Chem., 34, (1970 . hybrid chicks were obtained from a commerical hatchery. In each experiment, they were divided into lots of the same average body weight, wing-banded and reared in an electrically heated wire-floor battary brooders for 4 weeks.
The number of White Leghorn chicks in each lots in Expts. 809, 811, 906, and 907 is given in Table  II with experimental results. In Expts. 909 and 910, 15 male or 15 female meat-type chicks were reared in each lot in the initial 4 weeks. Then, two lots of 6 chicks from each lot of 15 chicks were randomly selected and moved to cages and reared until 8 weeks of age.
Diet.
Composition of basal diets used in the experiments is shown in Table I . Among the basal diets shown in Table I , Basal diet 1 was used in Expt. 809 and Basal diet 2 was used in Expts. 811, 906, and 907, in all of which White Leghor one-dayold chicks were reared for 4 weeks. To these basal diets, various levels of succinic acid alone or together with di-ethyl succinate were mixed in place of corn starch and cellulose. Seventeen parts of corn starch and 3 parts of cellulose were replaced with 20 parts of succinic acid, and 8.25 parts of corn starch were replaced with 5 parts of di-ethyl succinate and 3.25 parts of cellulose, so that all of the experimental diets contained the same amount and quality of nutrients other than calorie source, i.e., protein, minerals and vitamins, and the same amount of available energy, if succinic acid and di-ethyl succinate could be completely utilized by the chicks.
In Expts. 909 and 910, 10% of yellow corn in standard chick starter or in standard broiler finisher diets, both of which contained 2.84 kcal metabolizable energy (abbreviated as ME) per g of diet, was replaced with 10% of cellulose, or of u mixture of 7% of soybean oil and 300 of cellulose, to prepare low and high energy standard diets of 2.49 and 3.14 kcal ME/g diet, respectively. These diets were designated as D-2.84, D-2.49 and D-3.14, respectively.
Ten percent of yellow corn in the standard chick starter and broiler finisher diets was replaced with a mixture of 5% of succinic acid and 5% of cellulose to prepare the test diets. The standard and test chick starter diets were given to the chicks for initial 4 weeks and the standard and test broiler finisher diets for last 4 weeks. The standard chick starter diet and broiler finisher diet contained 25.4 and 25.2°c of crude pro tein, respectively, determined by Kjeldahl procedure. By the replacement, low and high energy standard diets and test diet lost about 0.900 of crude protein, but the lowered crude protein level may not have practical influence on the linear relationship between dietary energy level and response of chicks.6) Test material.
Succinic acid was a product for food use, of which caloric value was 2.99 kcal of gross energy per g. Di-ethyl succinate was of reagent grade and its caloric value was 5.80 kcal/g. Cellulose was K. C. Floc W-100 prepared by Toyoroshi Co. Ltd., of which available energy by the chicks had been confirmed to be 0 kcal/,g.7/ Corn starch and soybean oil were for food use, of which metabolizable energy by the chicks was 3.52 and 9.21 kcal/g, re spectively.21
As an antioxidant, 0.05% butylated hydroxytoluene was mixed in soybean oil.
RESULTS

The data of 4 experiments with White
Leghorn chicks were summarized in Table II statistical analysis on the two-way layout ex perimental design revealed that no significant effect due to the diet fed in the first week was left over on the performance of the chicks at 4 weeks of age. Therefore, the data of 4 lots on the same diet were averaged regardless of the diet fed in the first week as shown in Table II averages of male and female chicks are given, since the statistical variance analysis of the combined data of both Expts. 909 and 910 revealed no statistically significant interaction between dietary compositions and sexes. Con trary to the previous observations that body weight gain and feed intake of males of meattype hybrid were significantly larger than those of females but feed efficiency of both sexes was actually the same," body weight gain, feed intake and feed efficiency of males and females of the hybrid used in these ex periments were significantly different.
The difference may be due to the difference in the strains of chicks, since the chicks used in these and previous" experiments were obtained from different commercial hatcheries.
In these experiments, standard and low energy standard diets, i. e. D-2.84 and D-2.49, were prepared as positive and negative con trols, respectively, for experimental diet con taining 5°o succinic acid.
The response of the chicks on succinic acid should be between those on these 2 control diets, if energy of succinic acid is utilized by the chicks. As shown in Table III , body weight gain and feed efficiency on the test diet at 4 and 8 weeks of age in both Expts. 909 and 910 were just between the corresponding data on D-2.49 and D-2.84, being quite agreeable with the pre-experimental anticipation.
The data sug gested clearly that succinic acid in the test diet was utilized efficiently by the chicks.
Something abnormal took place on the chicks fed high energy standard diet, D-3.14, in Expt. 910, resulting in unexpectedly low feed intake and growth rate.
However, their feed ef ficiency was just in proportion to dietary energy level. Thus, the following linear Equation 1 was found fit to describe the relationship between feed efficiency for 8 weeks and dietary metabolizable energy level, y=159.60 x-19.07
(1 ) where x is dietary ME level (kcal/g) and y is average feed efficiency (g/kg) for 8 weeks observed in Expts. 909 and 910. Correlation coefficient, r, was 0.9995, which was highly significant statistically. Substituting average feed efficiency of the experimental diet, i. e. 416.75 g/kg, for y in Equation 1, 2.7307 was obtained for x with 95% fiducial interval from 2.9390 to 2.4904 kcal/g. From this dietary ME level, ME of succinic acid was estimated to be 4.81 kcal/g, with 95% fiducial interval from 8.98 to 0 kcal/g. Availability of succinic acid was calculated to be 161%.
The similar result to that described above was obtained by variance analysis of combined data at 4 weeks of age. No significant dif ference was observed between the corresponding data in Expts. 909 and 910. This is mainly due to the fact that the chicks were reared in an electrically heated battary brooder with thermo-regulator in air-conditioned room kept at 20°C during initial 4 weeks, so that little difference was observed in these two experi ments in environmental conditions, therefore, performance of the chicks on the same diet. The following Equation 2 was fit to describe the relationship between dietary ME level and response of the chicks, y=209.25x+1.295
(2) where x is dietary ME level (kcal/g) and y is feed efficiency (g/kg) for 4 weeks observed in each experiment. Correlation coefficient was 0.9909, which was highly significant statisti cally.
Substituting average feed efficiency for 4 weeks, i. e., 554.0 g/kg, for y in Equation 2, 2.6412 was obtained for x with 95% fiducial interval from 2.7423 to 2.5269 kcal/g. From this dietary ME level, ME of succinic acid was estimated to be 3.03 kcal/g with availability of 101%, of which 95% fiducial interval was from 5.05 to 0.74 kcal/g. Reliability of the estimates based on the data at 4 weeks of age was higher than that at 8 weeks of 8) M. Yoshida, H. Hoshii, K. Kosaka and H. Mo rimoto, Japan. Poultry Sci., 5, 81 (1968 The difference in number of the chicks in a lot, i. e. 15 at 4 weeks of age and 12 at 8 weeks of age, should also be pointed out.
DISCUSSION
It is repeatedly confirmed that chicks can completely utilize energy in succinic acid, i.e. 2.99 kcal%g, at the dietary level less than or equal to 5%. The growth response and feed efficiency of the chicks to succinic acid at this level was almost exactly correlated to and no more than the caloric value of succinic acid. It is certain that succinic acid can be used as energy source in formula feed for poultry, if the price be reasonable economically, Succinic acid is crystal, therefore, is readily mixed in modern poultry feed, which is served as mash or pellet. This is certainly a great merit of succinic acid compared with the oily materials, such as di-ethyl succinate.
However, relatively low caloric value of succinic acid, i. e. 2.99 kcal/g, compared, for example, with that of yellow corn, i. e., 3.48 kcal ME per g," should be pointed out here. This low caloric value of succinic acid, as mentioned in the previous paper," may be a weak point to be covered if succinic acid or its derivatives be used as energy source in the practical poultry feed in future.
It is also confirmed that succinic acid at the dietary level higher than 5% depresses appetite of the chicks.
Growth rate of the chicks is consequently depressed by succinic acid at this level. However, excellent feed efficiency, i. e. body weight gain per unit of feed taken, indicates clearly that at this level the chicks can utilize energy in succinic acid in the body as completely as they do at the dietary level less than 5%. Growth retarda tion by succinic acid at high dietary level is apparently due to low palatability of the diet and not due to low availability of succinic acid itself. It should be pointed out that feed intake of meat-type chicks for 8 weeks on the experimental diet containing 5% of succinic acid in both of Expts. 909 and 910, is signifi cantly less than those on the standard diet, D-2.84 and D-2.49, as shown in Table III . Their feed intake for initial 4 weeks is just between those on the standard diets. Depres sion of appetite by succinic acid is significant during the latter half of the experimental period.
High acidity of succinic acid may be one of the possible reasons of the lowered appetite. Excessive supply of succinic acid directly from the diet, instead of that indirectly through carbohydrate metabolism in chick's body, may disturb the balance of enzymatic reactions of tricarboxylic acid cycle, making the speed of glycolysis slow and resulting in lowered appetite.
If the acidity of succinic acid was the main reason for lowered appetite, ethyl ester of succinic acid would be expected to be preferred much more by the chicks to succinic acid itself. However, severe depres sion of appetite on the diet containing 5% of di-ethyl succinate was observed in Expt. 906. Futher studies are necessary on the depression of palatability of the diet by adding succinic acid or its ester derivative.
